Nanometer-sized ferrite magnetic materials are the subject of intense research interest due to their potential applications in high-density magnetic information storage. One of the most explored ferrite materials is the cobalt ferrite ͑CoFe 2 O 4 ͒. We have synthesized cobalt ferrite nanowires using cobalt ferrite nanoparticles in a porous anodic alumina template ͑AAT͒. The process of embedding ferrimagnetic particles into the pores was assisted by the magnetic field of a permanent magnet placed in vacuum directly under the substrate. Particles synthesized in the template were subsequently annealed at 600°C for 2 h in Ar gas forming arrays of cobalt ferrite nanowires inside the AAT. The morphology of the ferrite before and after annealing was observed using a field-emission scanning electron microscope. The crystallographic structure of the nanowires was analyzed using x-ray diffraction and transmission electron microscopy. The magnetization was measured by a superconducting quantum interference device. The coercivity of the annealed ferrite in the form of nanowires is significantly larger than that of the separate ferrite nanoparticles in the pores. This effect is due to the clustering of nanoparticles when the organic solvent is removed by high-temperature annealing as well as an improvement in the crystallininty of the ferrite by reduction of defects. The Faraday spectra of the nanowires were measured before and after annealing. A significant peak was observed at 725 nm. The nanowire/AAT composite material had a Verdet constant of 0.1 min/ ͑Oe cm͒ at the peak. It is important to mention that not only the properties but also the form of the material-a regular array of pillars-may be important for microelectronic or information storage applications. In the past decade, one-dimensional ͑1D͒ nanostructured materials, including nanotubes, 1 nanorods, 2 and nanowires, 3 have attracted much attention because of both their interesting physical properties and their wide range of potential applications in nanodevices. 4, 5 In particular, the fabrication of ordered magnetic metal oxide nanowire arrays has attracted considerable scientific and commercial attention due to their potential utilization in magnetic recording. 6, 7 High coercivity and high remanence have been reported in Co-ferrite thin films and nanopowders. 8, 9 Generally high coercivity is achieved in the magnetic materials with uniaxial anisotropy and high magnetocrystalline energy. Therefore, achieving Co-ferrite nanowires is not only interesting for high coercivity magnetic materials, but is also interesting for fundamental research of the synthetic method. Among the various methods for preparing magnetic nanowires, one of the most widespread is the template method. 10, 11 For example, a hardtemplate process such as that using the anodic alumina template ͑AAT͒ is an effective approach for fabrication of magnetic metal oxide nanowires because of its uniform and nearly parallel porous structure. In the present work, we have combined the concept of building blocks by using nanoparticles and template preparation of nanowires to fabricate CoFe 2 O 4 nanowire arrays. Hexagonally ordered porous AAT was formed by anodization process, as described previously. 12 The cobalt ferrite nanoparticles were produced by a wet chemical technique that involves organic solution-phase decomposition of the cobalt and iron precursor at high temperature. 13 To prepare cobalt ferrite nanowires, 10 mL of this cobalt ferrite nanoparticle solution was infiltrated into the alumina template by vacuum suction assisted by an applied magnetic field. The membrane was washed with hexane to remove any particles from the AAT surface and then dried under ambient atmosphere. To form the nanowire, the sample was annealed under Ar gas ͑99.999%͒ in a quartz tube at 600°C for 2 h. A Quantum Design MPMS-5S superconducting quantum interference device magnetometer was used for the magnetic measurements. A general discussion of the magnetic susceptibility measurements and calibration techniques is described in detail elsewhere.
14 Transmission electron microscopy ͑TEM͒ imaging was performed on a JEOL 3010 microscope. Field-emission scanning electron microscopy ͑FESEM͒ imaging was performed on a Hitach S-4200 microscope. der x-ray diffraction ͑XRD͒ data were collected on a Bruker D8 Advance system equipped with copper radiation and a graphite monochromator.
One promising technique to obtain nanomagnetic arrays is by using the highly ordered arranged porous alumina template. A porous membrane of Al 2 O 3 was formed with a regular hexagonal arrangement of pores of 60 nm in diameter and 100-nm spacing due to two-step electrochemical anodization aluminum process. Co-ferrite nanoparticles trapped inside porous AAT were distributed homogeneously throughout the AAT. Structural information was obtained from both electron and x-ray diffractions. From the FESEM and TEM micrographs in Fig. 1 one can see that the spherical nanoparticles of 8 nm in diameter uniformly fill the nanochannels within the AAT host. Figure 2 shows the XRD patterns of assynthesized Co-ferrite particles and the nanostructure in AAT before and after annealing. Although the background diffraction peaks of Al 2 O 3 are present in Co-ferrite/AAT composite data, the main peaks correspond to a cubic spinel-type lattice. The average grain size calculated by the Scherrer formula is about 8 nm, which is consistent with the FESEM images.
Small size of the particles is needed to accommodate them inside the porous template. Because the particles are ferrimagnetic, the magnetic-field-assisted assembly of particles was very efficient and long pores in the AAT structure could be completely filled with the magnetic particles. The as-synthesized particles in the AAT show significant coercivity of 14 kOe at low temperatures, as shown in Fig. 3 . However, at room temperature the coercivity is only about 100 Oe. The significant reduction in the coercivity can be explained by the vicinity of superparamagnetic limit. The average size of our particles is about 8 nm. Magnetization direction of isolated particles smaller than 8 nm can be randomized by thermal excitations at room temperature and such superparamagnetic particles have no coercivity. 15, 16 The particles inside the pores are separated by an organic coating and only weak dipolar interactions can exist among them. It was found 17 that the coercivity of isolated Co-ferrite particles increases with the increasing diameter and reaches maximum value for the particles with diameters of about 40 nm. Magnetization vector rotation is considered to be the mechanism responsible for the coercivity of small particles. Particles larger than 40 nm divide into domains and domain-wall movements result in reduced coercivity with the increasing size.
The combustion of organic material surrounding Coferrite particles removes the barriers separating the particles and they aggregate forming pillars. These large clusters of nanoparticles are equivalent to polycrystalline particles with diameter of 60 nm and length of hundreds of nanometers. Such large objects do not exhibit superparamgnetic properties-they are unaffected by thermal excitations at room temperature. This results in significant increase of coercivity of the nanostructure up to 1600 Oe at room temperature, as presented in Fig. 3 . This magnitude of coercivity is useful for applications and close to the values observed in the thin-film structures. For example, room-temperature coercivities of 510 Oe ͑Ref. 18͒-1500 Oe ͑Ref. 19͒ were reported in the spin valves using Co-ferrite films. It seems that there is still a possibility to increase the coercivity of our structure. Some reports indicate that the coercivity of the ferrite films can be increased up to 18 kOe by hightemperature annealing 20 or by SiO 2 21 doping. In order to illustrate the potential applications of these structures for magnetophotonic or magneto-optical data storage applications, we have measured the Faraday rotation in the wavelength range of 500-1000 nm. The measurements were made at room temperature in the polar configuration 22 with the magnetic field and light propagation perpendicular to the surface of the AAT composite. The Faraday rotation results are shown in Fig. 4 . The spectra of the Co-ferrite nanocomposites show a shift from positive to negative rotation occurring at 625 nm and a broad negative peak at 725 nm. This is consistent with published results on Co fer- rite thin films. 23 No change in the spectrum is observed due to annealing. This indicates that the as-synthesized nanoparticles are highly crystalline and the primary effect of annealing is the coalescence of the particles inside the channels which results in an increased coercivity, but does not affect the magneto-optical properties.
In summary, we were successful in the fabrication of a regular array of pillars of Co-ferrite with the diameters of 60 nm and with 100-nm spacing by the field-assisted assembly of spherical nanoparticles with the diameter of about 8 nm. The annealed nanostructures exhibit magnetic properties comparable with those of continuous Co-ferrite films.
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